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HIEKATATAKAYUKI 
(54) VOICE CODING DEVICE AND DECODING DEVICE 
(57) Abstract: 

PROBLEM TO BE SOLVED: To provide encoding and decoding 
techniques which can carry out encoding and decoding without a grating 
noise based on a background noise when users communicate with each 
other with cellular phones and so on. 

SOLUTION: A transmitter (encoder) smoothes in time a fluctuation of 
feature quantities of voice, in only a silence section. On the other hand, a 
receiver (decoder) smoothes in time a fluctuation of feature quantities of 
voice, in only a silence section, and replaces a part of driving signal with 
other signal, so that the grating noise is suppressed. 
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So 

IE® 3 ^^iEitift ^ f^^r 6 1^ tcfi^ ft tt;tjD »r ^ m 1 
tc^^^fb^ii:^ If 3^^115 t> u< lilt Ajtiie c^v-r;h.7^Mcia 

[0 0 0 1 ] 

^ ^ W J: g o < ^ $J r ^ t^^^if? # 
[0 0 0 2 ] 

(^?^>ft; • ^-^fb) ^g^^— b-C, CELP (Code 
Excited Linear Prediction) tCS<5< ^S^f§<^S^ 

i-f ^i^fefi, HI 1 o^l/m 1 l::;^^^rv^^o Hi o fi:^ 

To mi o\c7^'rn-^itm^\^, T^ti^^tcm'^^f)^^ 

>'T='iy ^X^1S^|Bl^brV^^ rn- K:/5/ t, 

^ i: V ^ ^ =Jr :^ m -r ^ :^ ii) # jI =^ — K ^/ ^ 

v^^^^^^^^^-r ly^y^y^-^^i^^y^xmtiT^o 
40 ^^.mcf:t:>\::^xmW}^n^o 

fi, m%\\:M^iy-^m%^f\.f^4i^'f yp y^\z,m-^\^x 
(oy.^^ V jv^^mi^^^Trnw^-^m^-^x . ^^^^ 

50 m%%\tK^^<J:>^m<J:>^m^<D'^m^n^>^^^, >^-<^ Y 
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[0 0 0 4 ] 't<D~:l3X, r o J: 5) ?^^:^5^-c<g:tr2/ b 

^d^^Mbf^ r t /^^^ f?^^TV^6o swirling 

fl:^ ^ tf » -r ^ tcii «>t^ :bn ^ :7 V - A T li, 
co4^^^ ^ L T ff S-r ^ :^ i6 fi^"— 

iSC "Improvement of Background Sound coding in Line 
ar Predictive Speech Codes", Proc. ICASSP 1995 
m^tAZ.-^fhX\^^. 
[0 0 0 5 ] 

'6i:'r^1^^(^'^^Wm<^--^h\^X\t. 4#li¥7-152395 

=lr^^tc^<rr t?t:T;«rtg-Cfe(9, ^^o^c$|^;i)-^tf 

x.^ tv^^'SUt^PnlM^^^-r^o 
[0 0 0 6 ] ^^BU<^^5fetttSt Lr4#^¥7-160294-^ 

'^x^j^^fL^m%<D\\f^^\z., ^-p^f^x-yt \m^^ 

t}X-h^^mt^hm:^^X^:^^ht-7r^^khX\--^ 
y^l^^f^'m^<D^^W^-Sii)^h^^^^^1^^, swirli 

ng noise<om^^t^'S'^^'^y (D^mx^^^AL, ^ 
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^x^-Y^y^tvxmM\^x^6f>^^j:\^n}t, 
<y:>mm}t, cELP^^{c^\,^xm'hf^^&^'^^^t'r 
xh^-Y^yi>^m^ny^tn, mi^xmm^^m-^ 

[0 0 0 7 ] ^ft, m<0'ii^M^mt bX4#ii¥7-036485 

mnxi^t. m^Kmxnmm<o^pKm<Dfin^^ h 

^i:tcj:i9, U^f^^^^^{ci.XW<^^<^^m^n^ 

(D^mxii, y<yyrf^n<Drti^\c^<<Dp^^v9imt- 

[0 0 0 8] 

[l^M^fif*r^^^!^^o^^] ^mn^^m^-r^^^ 

^EEmi^xmrn-r^tmc, ±tB^Fft^t-^i:bri^^ 
(t>m^ L^x±mEEm^i^fty<y t mcmmT 

^mmm\c^mt'r^f)\ mpKm\c:j^^^x}t^pKm 

on-^it^m^t^^k ^Mc^i.xfj:^-t ^4#^tr^ 
^pn-^^t'^mihL.xmm^i^x\,^^o ^<Dm^. ±.m 

^^i|#tSfii: bXfi, h/v^^ft-»b, mpK 

W-Cft€-i^x-<^ h/v^tJ^^M^B^r^e^tc^rt-fbb/t^lc 

[0 0 0 9 ] ^ftT^mK^^-f^^^m-^immcm-r^ 
40 mi^pjji, ^^^^■i\L'^m:t-<b(D\^t^x-^^K.m^rh 

^F4^tifi:S:^r/igi5ft-§-^ii7cb, ^n^-^m^^x^^p 

i^OjE^ ^ ^/t^^^ y ilEt^Fft ^^^^ 
50 ^m^-fb^rt-ft^^^t, ¥?^fbb;fc^o^^^i|#tafi^ 
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[0 0 10] ^ftm2^m\^. ^^^-^^t'mm:f)-(b><Dm 

n^^m^-^x^^^^m-^^^'^^'^m^^^^x, n 
mm^i^mt, m^Kmbnwr^rbr:i^'Axn, ±fa>r 

:L<vm3 <^mW}\t-^\cm-5^-^x^^^^mT ^ :^ t 
mt-r^^^m^it'^mtL^xmf^^nxv^^. ^-[c 

xKirff^'r^:Ltf)-xt^o ' m^<D^^w 

m^mfm^-r^mi <Dmmt-^t^immcD'^2(DmW} 
m-^ t com^^^mm \cmh ^'i±^x^\Lvxh^^\ 

[0011] 30 

[mm<Dmm<omm] m^x, mnmm^mmL.x^^ 

-cfeox, :^^m<^i&m^mm^^§t^-r^h<ox}-tti: 
^^imm^^-mf^^^i-y^ yi!^m, m2}t, ^^m(^ 
^m, 113 jt, !!(^mM\cm-r^m:^^^ v^^M<o^Wi^ 

<D^-^n'^(r>y.-<^ Yjx^^Tf^-r^yy, H 9 li, 
^it^^m^<^:^^^ Yj^^TT^-r^yy, [UiOJi, 

lit, ^^^(^oF.\.p'^%i\Lmm:(omj^^7f^-r':f^y^ 
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[0 0 12] m\^x,xim2}^, :^^m<^—'m'^mm\c 

^^"^^n^itrnw (Hi) TftA;':?^:n.^l^^ff-§-A^ 
^> ri[#^^tf^fl5j \cx'&^o:>mWi^}i^j:^%-m^'<y :^ 

\^x±.umwimcm^\^x, ?^t^\B^t-w^^x^^-^ 

S^I^TI^BJ b:tiai o<??CE L P:;^5C^^^?-§-{t;^g^i: 
^^{b (ff^) ^tt^o ^:^^:^;e>^A;^^;h.5 

[0013] m-^fkSI^-Cfl, HI 2 <t 5 t-, 

y t \^x^A.x^.^xhx\^\ m^Kmtmm^ri. 

m.y ^ A-^ o:>y'^y ?^ — '^t^^'^^n^a ^1^, ^f^(^f- 
muw^^^'^y ^^j^y^/v-^ 

[0014] m^^x^%i^(D^w^%Y'S-^m^7T^'rt-, 

^mM'Mcm\^X}t rRCR^^&2 7Cj 

ffsit, y\^-j>.bm'fin^m^mcmm.\.it=^^y'— 



(n) , n=l, 2, --Na ?lrffi V^/t ^iFftC J; o T 
(001 5 ] 

mi] 

Ro R, Rz . . . 
' Ri R2 R3 . . . 

R] R2 ... 

V Rii-i R«i-2 Rii-3 • ■ ' 
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[0016] 
[^2] 











R.-2 \ 


Oil 
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R3 


Ro J 









rr-r, Ri, i = o, 1, 2, Mnmm,L^-ft^^v^ 

— :$^X (n) , n=l, 2, -"Na V^T ^fe^ClC J: 19 

[0017] 
[»3l 

Ri = X X(n) • X(n+i) 

Fx (n) ^m\^tiWit}t\^x'<%(bti^^m^^m-^(^ 

[0018] 
[^4] 

1 + a ^ 2"^ + a 2 ^'^ • ■ * ^ H 2"^ 



20 'T^'^y h\^x\^, mw^<DW^'»xi^^^r^fz.mM 
[0 0 1 9] m'^^w-mYM\ \iL^\^x\t, m\t.m^ 

^^^n^\^M%^\tm^^\^^^-^x\.%\^, mt> 
30 x^^^x^^o ^(^f^m^m^^^^Wih bT, mm 

i, i = i, 2, mhm^^^mm^a^'^'^ 
m^i^^^^txn^^. 

P (z) =1+ (ai + a 10) z + (02 H- ct 10) z 
-2 . . . + (aio+ai ) z-10 +z-^^ 
Q (z) =1+ (ai — a 10) z~^+ (a2 — a 10) z 
-2 • • . + (aio-ai ) +z-^l 
^fi* [0 0 2 0 ] r ^^2ffli^^Jl5CP (z) Sr/Q (z) CO 

z i = e"j-*^o?i0<5:)1SSr^'^, r 

o:>h^y:>P (z) c^ffi 0 < CO 1 <a)3 <C05 <-"<a) 
M-1 < 7C J; 0 < CO 2 <C04 <a)6 <"'<oom < tc 

h/v^tPf*^-h.^o jgl:^^:^ b/i-3i:tfiO< coi 
<a>j < ;c (i<j) tV^5^ff^^^;^'f-pi'9H^^'r 

® k ^'l/— i^^OjSIx^:^!' hyl-^^co i (k) , i = l, 
50 T^^o 
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Qi (k)=jS-Qi (k-l) + (l-j8) - co 
i (k) 

{ftf^i^, ^mi^mt i^xQi (1) =0)1 (1) tT 

BBb^-l-. ^ytft^ffJcOi^^^^-^rJ^ h/V^coi (k) 

[0 0 2 1 ] m^Km\cm^x}t, :l(ox '^^cL^xnh 
n^^^i^it^riftm:^^^ h/uMQi (k) , i = i, 

( 1 / 2 ) ( P(2) ♦ 0(z) ) - 1 
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|Bt?:>^ilTtP (z) , Q (z) ;5>^j55t-ct 
[0 0 2 2] 



-Clt ^ J: ^ y ^ ^ > - ^ itj ^ @® ^ if: ^ S 6^ -C j8 (^/h 

^ ^'^^ V ^ ^ ?t{t: ^ o r 4i <t V \ 
[0 0 2 3 ] 

^ A>^fi^ t"* 5/ 5^/^ COM ^7:>4#^:S:l-^ bX fr-^ T t> J: 

y^mms {cmi^xit, ^m<^m.mci6\^^xm^^j:i:>co 

mf:i^'fxnm^i.tri^j^v^Mi^^mm'r^r^^(^m'^^ 
[0 0 24 ] ^<D^-v:fy^f)-^^f^-^m^j:mW}m-^ 

?^c? ^ 5 ^ Ji^ 314f^ ^ ;^ v£ ii ffi V ^ t r V ^ ;5 o 

x}^m^\cm}ti^ftmmm^f)-^mm^^^^rf^t^i'rfz. 

:^ illft 7C CO ^>fli ^ ?t (^aiM ^ ?^ V ^ 



^a!j^.^tC^^mbySia i , i = l. 2. M^>^V^, 

tSfe^Cco z ^^-c^^^ y ^ yi-:^ IcigSift^^ A;^■r 
[0 0 2 5 ] 
20 [^6] 

1_ 

1 + a, z-> + 2-^ . . . + an z-« 

^^^fc^\r:.'^'^f^hjht^(D \if>^:^Yy ^ ^ x^m 
[ 0 0 2 6 ] ^J.kJ^^fz.U^<oW^%rQn.^%\YM.WiZ., 

mm^rLft ^m\cii^y,^xnn'^i\:.mw:t- ^^x ^ i^ 

c^±j&^tb^mmt^t^x<o'p\cm\^i^h<oi^\'^x-h 
Ki. ^^m^\cML^xmmi^ftmkc^^m^j:^tt^:^. 

m^^';^Xn:=^-V^y^f)-C:>m7L\^ftmi<D^W} 

40 \%^h%\M-^^}£<^^<^^mx^^^^1t.%2<r>wm^\%^^ 
t-^^Vi^¥^\^M'S^f^)£\C'^^X%z<r>mmt^^^'om 

<b'^^w.xtit.^^mm^^m^m\z.W'mY.\^xm^m 
. m^<r>^^'^^^^^\z.mmxt^, 

[ 0 0 2 7 ] 

50 -h.;t^^4#tafl:^fi-^{bb^^^"^7*-^'^, =i-K:/:y 
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^:Ltt--^mxih^ , ^-p ' m^<om^\cm^•^^:Ltt- 
[0 0 2 8] rigtijft^^j^jt^j x\tn'^^\imw:xm}t 
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«F^^i:^SU^I^/t:^-&^c^i, rig®jft#;tjDXfiij 

LTft, m 1 ^lEi&ft^S: e 1 (i) , m 2 cO|g®ift^ 
Sre2 (i), i = 2, N (Nli:7 V — ^Of- 

10 63 (i)=gl-ei (i)+g2-e2 (i) 

gltg2Helte 2^::tlP^-^:biir^:feie)^?:>S^T*> 

'F'Jx.ii e 1 e 2;;)^^4i:-c^ifc1;ei^^^v>t-r^ 
5 \t.'r^\t7tcoMmB^ e 1 i: P Xl.^^co/'^V — 
^^o:^e 3^{^^r i:;6^'C*^o 
[ 0 0 2 9 ] 
[*7] 



g2 = 




^•^^A/, g 1 i: g 2coM^r^<t »9 ^d^jfeii)tc:ur, 

(K-0) ^<7^^o^^m.m%%<Dm.t^ 

ii.^y'^y —-^ & i , i = i, 2, Mt^^^o 

[0 0 3 0 ] 
[^8] 

_J 

1 + + 32 z-2 . . . + ag z-« 



(fcfcL. 0<K< 1) 

[0 0 3 1 1 m:^^^ Vj^^o:>m^, ^f^^\cW' 

:^hy^/u^] i^^Tjk) X^mT^o ^:^hy'<^^^ 

(oy ^ ^v^f)'^x<,m^^^ru^o (rcr^^&2 ? ctjtt' 

^#03) 
[ 0 0 3 2] 

40 -To Hsicfi 2 0 d B^^^75pM^d^W:i;^lt^t b 

h^i^X 2 Om s (16 0i^>'://^) (^f^— 

i\Lmm.'^^hmcm.'^itmm:\ci6y.^xm:^-<^ 
50 i^f)-^, m^^cx^-^m^mxh. '^n(oyF^m^j:^m 
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[ 0 0 3 3 ] m-^'^i^K^^-f ^^f&y >( (^^mt, 

^ tc J: o r -g-i^ ^ ^yS: W:i:$t^ H Tc ^ ft ^ ^ ^ 
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[117 1 me\c7T^\^i^^^m^i\L^mc^n^mwL^ 

[fl8 1 m'B'^<^'W'^^=S'<^:^-<^ hyi-^^-r^y 

yo 

[1191 hJi^^Tjk-r^y 

y. 

[Hi 0 1 ^^%<7>o E L P^^-^{t:i^®^o«jS;^^r:/ 
[mill ^i^5t?^^c E L Pm^{l:£^gc^^;*^.T^r:^ 
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